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(54) Reversible optical isolator for optical networks and amplHier 



(57) A reversible optical isolator[100, 150] and opti- 
cal amplifier based on the optical i5olator[100. 1 50]. The 
reversible isolator is constructed from a Faraday rota- 
tor[123] having a magnetic field direction that is deter- 
mined by a control signal applied thereto. The Faraday 
rotator is sandwiched between first and second polari- 
zation filters[1 04. 105, 181, 182]. The polarization filters 
may be constructed from polarization splitters[181 . 182] 
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in series with half-wave plates[163. 165]. The allowed 
direction of propagation of an optical signal through the 
reversible optical amplrfier[200] is determined by the 
magnetic field direction in the Faraday rotator. An opti- 
cal anplifier[200] according to the present invention 
includes an optical gain element[201] in series with one 
or two reversible optical isolators[202, 203]. 
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Descrfpti n 

Field of the Invention 

[0001] The present invention relates to data commu- 5 
nication systems based on light signals and more par- 
ticularly, to amplrfiers and isolators for qDerating on light 
signals in optical networks. 

Backnround of the Invention w 

[0002] Communication networks based on optical fib- 
ers are becoming increasingly popular because of their 
high data transmission capacities and the low cost of 
the optical fibers. In a typical communication network, a is 
number of users communicate with one another over an 
optica) fiber arranged in a loop by sending signals along 
the fiber in a predetermined direction. For example, in a 
telecommunications network each subsaiber communi- 
cate with a central office over a fiber that is arranged in 20 
a ring with the subscriber and central office stations dis* 
posed along the ring. If the fiber is broken, comnxinica- 
tion between one or more of the users and the central 
office will be interrupted. In principle, these users can 
still communicate with the central office by sending 25 
messages along the unintenupted portion of the loop. 
However, this requires that the direction of propagation 
along the fiber be reversed over a portion of the f ber. 
[0003] Unfortunately, the fiber ring typically includes 
components that are unidirectional in nature such as 30 
optical arrplifiers and isolators. A typical optical ampli- 
fier consists of a doped fiber between two optical isola- 
tors that prevent light generated in the doped fiber from 
propagating in the backward direction around the fiber. 
To reverse the direction of propagation in response to a 35 
fiber breaK duplicate optical isolators configured to 
propagate signals in the opposite direction are included 
in the network These components are inserted into the 
fiber in place of the conesponding components by utiliz- 
ing bypass switches. Such bypass arrangements sub- 40 
stantially increase the cost and conrplexity of the optical 
network, and hence, it would be advantageous to avoid 
these bypass arrangements. 
[0004] Broadly, it is the object of the present invention 
to provide an irrproved optical amplifier. 45 
[0005] It is anotiier object of tiie present invention to 
provide an optical isolator whose direction of light trans- 
mission can be reversed by applying a control signal to 
the isolator without the need to utilize bypass switches 
and additional isolators. so 
[0006] It is yet another object of the present invention 
to provide an optical amplifier having a switchable direc- 
tion of propagation for the amplified light signal. 
[0007] These and other objects of the present inven- 
tion will become apparent to ttiose skilled in the art from ss 
the following detailed description of the invention and 
the accompanying drawings. 



Summary of the Inventfon 

[0008] The present invention is a reversble optical iso- 
lator and an optical anrplif ier based on the optical isola- 
tor. The reversOsle isolator is constructed from a 
Faraday rotator having a magnetic field direction that is 
detennined by a control signal applied thereto. The Far- 
aday rotata is sandwiched between first and second 
polarization fitters. In one embodiment of the present 
invention, ttie polarization filters are constructed from 
polarization splitters in series with half-wave plates. The 
allowed direction of propagation of an optical signal 
through the reversible optical amplifier is determined by 
the magnetic field direction in the Faraday rotator. An 
optical amplifier according to the present invention 
includes an optical gain element in series with one or 
two reversible optical isolatas. 

Brief Description of the Drawings 

[0009] 

Rgures 1-4 illustrate tiie propagation of light 
through the basic elements of an optical isolator 10 
having a reversible pass direction. 

Rgure 5 is a cross-sectional view of a reversible 
optical isolator according to the present invention. 

Rgures 6 and 7 are cross-sectional views of 
another embodiment of a reversible optical isolator 
according to tine present invention. 

Rgure 8 is a schematic drawing of an optical ampli- 
fier according to the present invention. 

Detailed Descriotjon of the Invention 

[001 0] The present invention provides its advantages 
by utilizing isolators whose direction of propagation may 
be altered via a signal applied thereto. For the purposes 
of this discussion, an optical isolator will be defined to 
be any device having an input port and an output port in 
which a light signal entering the input port will exit 
through the output port; while a light signal entering the 
output port will be blocked from exiting ttie input port. A 
reversible optical isolator is defined to be an optical iso- 
lator having first and second ports in which one of ttie 
first and second ports is the input port and the other is 
the output port the assignment of ttie input port being 
detemiined by a signal applied to ttie isolator. 
[001 1 ] The present invention makes use of a Faraday 
rotator having a magnetic f ieki whose direction is deter- 
mined by the application of an external signal. A Fara- 
day rotator is an element that is composed of an 
optically active compound such as yttrium-iron-garnet 
YsPes O12 which turns the direction of ttie polarization 
vector of ttie light passing therettirough by an angle of 
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45**. The direction of rotation is determined by the direc- 
tion of an applied magnetic field. The direction of rota- 
tion of the polarizatt n vector is independent of the 
direction of travel of the light through the element By 
altering the direction of th magnetic field, the rotation 5 
of the polarization vector changes from 45* to -45** inde- 
pendent of the direction of travel of the light through 
device. 

[001 2] The manner in which a reversitile optical isola- 
tor is constructed from a Faraday rotator having a 10 
reversible magnetic field may be more easily under- 
stood with reference to Rgures 1-4 which illustrate the 
propagation of light through the basic elements of an 
optical isolator 10 having a reversible pass direction. 
Isolator 10 is constructed from two polarization fitters 15 
shown at 12 and 16 and a Faraday rotator 14. For the 
purposes of this discussion, polarization filter 12 is 
assumed to pass light which is polarized in a direction 
parallel to the y-axis. and polarization filter 16 passes 
light whose polarization is at 45° to the y-axis as indi- 20 
cated by the arrow on polarization filter 16. Light enter- 
ing the input of isolator 10 is assumed to have at least 
some intensity along the y>axis. If the light has a polari- 
zation vector tiiat is at an angle to tiie y-axis, the conr>- 
ponent of the light having a polarization parallel to the x- ss 
axis will be removed by polarization filter 12; hence, only 
the light having a polarization vector parallel to the y- 
axis needs be considered. This light leaves polarization 
filter 12 and passes through Faraday rotator 14, which 
rotates the polarization vector through 45° as shown at so 
15. The direction of polarization now matches the pass 
direction of polarization filter 16, and hence, the light 
exits through the output port. 
[001 3] The case In which light enters the output port 
is shown In Rgure 2. Polarization filter 16 selects the 35 
component of the polarization that is at 45° to the y-axis. 
Any light having a polarization at right angles to this 
direction is removed by polarization filter 16. Hence, 
only light having a polarization selected by polarization 
filter 1 6 needs to be considered. The output of polariza- 40 
tlon filter 16 is rotated through 45° by Faraday rotator 
14. since the direction of rotation Is independent of the 
direction of travel of light through the rotator. Hence, the 
light leaving Faraday rotator 14 will now be parallel to 
the X-axis as shown at 17. This light will be blocked by 45 
polarization filter 12; hence, no light can pass through 
isolator 10 in the reverse direction. 
[0014] Now consider tiie case in which the magnetic 
field applied to Faraday rotator 14 is reversed. The Input 
and output port designations are also reversed. In this so 
case, Faraday rotator 14 will rotate the polarization of 
the light passing therethrough by -45° independent of 
the direction of travel of the light relative to the z-axis of 
the coordinate system shown in the figures. Referring to 
Figure 3. light entering the input end of isolator 10 will ss 
first pass ttirough polarization filter 16 which selects the 
conrponent of ti^ie light at 45° to the x-axis. Any polariza- 
tion conrponent at 90° to this direction is removed by 



polarization filter 16: hence, only the conrponent at 45° 
needs to be considered. Th^ component Is rotated 
ttirough -45° by Faraday rotator 14; hence, ttie light 
leaving Faraday rotata 14 now has a polarization vector 
ttiat is vertical as shown at 18. This light will pass 
ttirough polarization filter 12 and exits isolator 10. 
[0015] The case in which light enters tiie output port 
Is shown in Rgure 4. Since only the polarization compo- 
nent of the light parallel to ttie y-axis will exit polarization 
filter 12. only this polarization component needs be con- 
sidered. The light leaving polarization filter 12 enters 
Faraday rotator 1 4. which rotates the polarization vector 
ttirough -45°. Hence, ttie light entering polarization filter 
16 has a polarization vector ttiat is at -45° to the y-axis. 
This light is blocked by polarization filter 16 since it is at 
right angles to ttie pass direction of the polarization fil- 
ter. 

[001 6] Rom the above discussion. It is apparent that 
a reversible optical isolator can be constructed from a 
Faraday rotator In which ttie magnetic field applied to 
the material in the Faraday rotator can be reversed in 
response to signal ttiat Is applied to ttie isolator. Refer 
now to Figure 5. which is a cross-sectional view of a 
reversible optical isolator 100. Isolator 100 has a first 
port 121 which Includes an optical guide 102 and a col- 
limating/lmaging lens 103 for collimating the light 
received on guide 102 or imaging light from polarization 
filter 104 back into guide 102. A similar arrangement Is 
utilized for a second port 122, which includes an optical 
guide 107 and collimating/imaging lens 106. The polari- 
zation filter functions discussed above are provided by 
polarization filters 104 and 105. Polarization filter 104 
has a pass orientation that differs from that of polariza- 
tion filter 105 by 45° A Faraday rotator 123 rotates ttie 
polarization angle of ttie light ttiat passes between 
polarization fitters 104 and 105 by ±45° depending on 
ttie direction of ttie magnetic field. The direction of ttie 
magnetic field is determined by the current passing 
ttirough coll 110, which generates a magnetic field hav- 
ing a component ttiat is parallel to ttie direction of travel 
of ttie light between filters 104 and 105. The current is 
provided by current source 109. which sets ttie direction 
of the current in response to direction control signal. 
The direction control signal may be electrical or optical. 
Ottier embodiments in which the Faraday rotator utilizes 
a latching material may also be employed in ttie present 
invention. In such embodiments a current pulse sets the 
direction of magnetization. The direction remains the 
same until another cun-ent pulse Is applied. Similariy, a 
permanent magnet together with a device for flipping 
the direction of the magnet in response to a control sig- 
nal could also be utilized. 

[0017] For optical isolator 100 to function, It is 
assumed that at least part of ttie light entering ttie isola- 
tor was aligned wrth ttie polarization filter at the Input 
port. Th remaining light is tost Embodiments which do 
not have ttiis constraint and which pass ess^lally all of 
ttie light may also be constructed from Faraday rotators 
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having magnetic fields that can be switched. Refer now 
to Figure 6 which Is a schematic vi w of a reversible iso- 
lator 150 according t the present Invention which 
accepts light on any polarization and passes the light 
without tosses other than those associated with absorp- 
tion In the optica! conponents. Isolata 150 utilizes two 
non-reciprocal polarization rotators to acconrplish the 
isolation. Each non-reciprocal polarization rotator con- 
sists of a reversible Faraday rotator in series with a half- 
wave plate. The direction of rotation of the polarization 
vector provided by the Faraday rotator is the same 
regardless of the direction of travel of the light there- 
through. The half-wave plate, in contrast provides 
either a 45** or -45** rotation depending on the direction 
of travel of the light. As a result In one direction the 
polarization vector is rotated through 90°. and In the 
other, it Is rotated through 0**. 
[0018] Consider the case in which the reversible Far- 
aday rotators 1 62 and 1 64 are set such that isolator 1 50 
passes light from port 152 to port 155. Light entering 
port 152 is collimated by lens 153. A polarization beam 
splitter 181 decomposes the polarization vector 191 of 
the Incoming light into orthogonal components shown at 
192 and 194. The polarization beam splitters are con- 
structed from prisms that selectively reflect light of a 
predetermined polarization while passing light of the 
orthogonal polarization. The polarization connponent 
reflected by splitter 181 is reflected by min-or 171 Into 
reversible Faraday rotator 162. which rotates the polari- 
zation by 45**. Half -wave plate 163 rotates the polariza- 
tion vector by another 45*' as shown at 195. This 
polarization passes through polarization splitt^ 182. 
[0019] The component of the input light that passed 
through splitter 181 is shown at 192. This component Is 
likewise rotated through a total of 90** by reversible Far- 
aday rotator 164 and half-wave plate 165. The output of 
half-wave plate 165 Is reflected Into splitter 182 by mir- 
ror 172. This polarization is reflected by splitter 182 Into 
lens 154 where it Is confined with the output of half- 
wave plate 163 discussed above to reconstitute the 
input light as shown at 196. 

[0020] Refer now to Figure 7, which illustrates the 
manner in which light entering port 155 is blocked from 
exiting via port 152 by beam splitter 181 . The corrijina- 
tion of half -wave plate 163 and Faraday rotator 162 
leaves the polarization vector unchanged for this direc- 
tion of travel. Hence, the component of the polarization 
that is passed by splitter 182 leaves reversible Faraday 
rotator 162 with the same polarization as shown 197. 
This component is reflected by mirror 171 into splitter 
1 81 and passes through splitter 1 81 . The component of 
the Input light reflected by splitter 182 and min-or 172 
passes unchanged through half-wave plate 165 and 
reversible Faraday rotator 164 since Faraday rotator 
164 reverses the 45° rotation introduced by half -wave i 
plate 165. This conrponent is reflected by splitter 181 
and is recombined with component 197. The reconsti- 
tuted light then leaves via the bottom of splitter 181 as 



shown at 199. and hence, misses lens 153. 
[0021 ] K the magnetic fields in the reversible Faraday 
rotators are reversed, light entering port 155 will exit 
port 152 since the combination of the Faraday rotator's 
5 -45° and the half-wave plate -45° will rotate the polariza- 
tion vectors through 90°. Light with the resultant polari- 
zation will be reflected by beam splitter 181 such that 
these polarlzatton components are combined and exit 
via lens 153. Similarly, light entering port 152 will be 
10 blocked from leaving via port 155. because the combi- 
nation of the -45° rotation provided by the Faraday rota- 
tors and the 45° provided by the haH-wave plates cancel 
resulting in the combined light exiting via the top of split- 
ter 182, and hence, missing lens 154. 
15 [0022] It will be apparent from the above discussion 
that the combination of the half-wave plates and the 
polarization beam splitters perform the same polariza- 
tion filtering function as polarization filters 104 and 105 
shown in Rgure 5. Accorcfingly a reversible isolator may 
20 be viewed as a being constructed from a reversible Far- 
aday rotator and two polarization filters, one for setting 
the polarization of the light incident on the Faraday rota- 
tor and one for blocking light of a predetermined polari- 
zation leaving the Faraday rotator. 
25 [0023] Refer now to Figure 8. which is a schematic 
view of an optical amplifier 200 according to the present 
invention. Annplifier 200 includes a gain element 201. 
which is Isolated by reversible optical Isolators 202 and 
203 from other conponents on optical guide 204. The 
30 direction of propagation of the light through amplifier 
200 is selected by applying a signal to the reversible iso- 
lators, which determines the direction of propagation 
through each of the isolators. It will be apparent that the 
direction of propagation must be the same for botti iso- 
35 lators. The gain element Is preferably an Er^*-doped 
fber; however other gain elements may be utilized. It 
should be noted that optical amplifier 200 will function 
with only one of the optical isolators: however, tiie 
resulting amplifier may be subject to additional noise. 
40 [0024] The above embodiments of the presait Inven- 
tion have utilized polarization beam splitters that oper- 
ate by reflecting light of one polarization while 
transmitting light of the orthogonal polarization. How- 
ever, it will be obvious to those skilled in the art from the 
45 preceding discussion that other types of beam splitters 
may be utilized. For example, beam splitters based on 
,walk-ofr crystals in which light conponents having dif- 
ferent polarizations are separated in space by passing 
the light through a rutile crystal may also be utilized. 
50 Accordingly, the term beam splitter as used herein is 
d^ined to include any apparatus tiiat separates a beam 
Into two components having orthogonal polarizations. 
[0025] Various nxxJifications to tiie present invention 
will become apparent to ttiose skilled in the art from tiie 
is foregoing description and acconrpanying drawings. 
Accordingly, the present invention Is to be limited solely 
by the scope of the following clainns. 
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1. A reversible optical isolator[1 00, 1 50] comprising: a 
first polarization fOter{104, 181]; a Faraday rota- 
tor(123. 162. 164] having a niagnetic field direction s 
determined by a control signal received by said Far- 
aday rotatorI123, 162, 164]; and a second polariza- 
tion filter[1 05, 182]. 

2. The optical isolatorflOO, 150] of claim 1 wherein io 
said first polarization fitter[104, 181] conrprises a 
polarization beam splitter for splitting light incident 
thereon into two light beams having orthogonal 
polarizations. 

15 

3. The optical isolator[100, 150] of claim 2 wherein 
said second polarization comprises a half-wave 
plate[165] and a polarization beam splitter[182] for 
splitting light incident tiiereon into two light beams 
having orthogonal polarizations. 20 

4. An optical amplrfierI200] comprising: an optical 
guide[204] for receiving light to be anrplified: a gain 
element[201] connected to said optical guide for 
amplifying light passing therethrough; and a first 2s 
optical isolator(202] coupled to said gain element 

for preventing light from propagating in a direction 
determined by a control signal applied to said first 
optical isolator[202]. 

30 

5. The optical amplifiert200] of claim 4 wherein said 
first optical isolator[202] comprises a Faraday rota- 
tor having a magnetic field direction determined by 
said control signal. 

35 

6. The optical amplifier{200] of claim 4 further com- 
prising a second optical isolator[203] coupled to 
said gain element for preventing light from propa- 
gating in a direction determined by said control sig- 
nal, said gain element[201] being sandwiched 40 
between said first and second optical isola- 
tors[202.203]. 
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